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METHOD FOR PRODUCTION OF A 
BIDIRECI‘IONAL NONLINEAR RESISTOR, 
ACTIVE MATRIX LIQUID CRYSTAL PANEL 

USING BIDIRECI‘IONAL NONLINEAR RESISTOR 

BACKGROUND OF THE INVENTION 

This invention relates to a nonlinear resistor for all 
elements which require nonlinearity of resistance, and 
in particul'ar,-to a nonlinear resistor useful as an MIM 
(metal-insulator-metal) element functioning as a switch 
ing element in liquid crystal display devices, computer 
grade display devices or TV grade liquid crystal display 
devices. 
The methods currently used for display of pictures in 

electro-optical displays, such as liquid crystal televil 
sions are broadly classi?ed as the simple matrix method 
and the active matrix method. The simple matrix 
method includes a liquid crystal interposed between 
two opposed, perpendicularly-intersecting sets of multi 
ple ribbon-like electrodes. A drive circuit is connected 
to each of the ribbon-like electrodes. While the simple 
structure makes this method inexpensive, the resulting 
picture contrast is insuf?cient because of cross talk. 

In contrast, the active matrix method utilizes 
switches which are adapted severally to serve individ 
ual picture elements and thus permits voltage retention. 
Because the selected voltage is retained even during the 
course of timeshared driving, the resulting large display 
capacity allows excellent picture qualities such as con 
trast The active matrix method nevertheless has a com 
plicated structure and so the production cost is high. 
For example, in manufacturing thin ?lm transistors 
(TFTs), using at least ?ve photomasks to improve the 
yield for superposing ?ve or six thin ?lms is dif?cult. 
Accordinglyv the two-terminal elements which allow 
improved yield and reduce production costs have been 
used in favor of other active elements. 
The metal-insulator-metal element (MIM) is repre 

sentative of these two-terminal elements The general 
structure and process for fabricating the MIM devices 
are shown in FIG. 1 and FIG. 2. The insulating ?lms in 
conventional MIM elements have a lower electrode of 
TaOx formed by anodic oxidation. Since the speci?c 
dielectric constant is about 26, the element capacitance 
is as high as 0.1 pF when the size of the element is 
approximately 5 pm X 4 pm anod the anodic oxide ?lm 
thickness is approximately 600 A. This element capaci 
tance is as large as about 5 of the liquid crystal capaci 
tance per picture element (200 X 200 um). 

Conventional MIM elements and the method of man 
ufacture have three disadvantages. First, in a liquid 
crystal panel of this quality, voltages applied to the 
panel are not fully apportioned to the MIM element. 
Consequently, the switching property is inferior since 
the capacity ratio of the capacitance of the liquid crystal 
to the MIM element is about 3. As the result, the liquid 
crystal panel is inferior in display quality to the TFT 
panel. 
The second disadvantage is that the MIM element 

side substrate is produced by a repeated photolitho 
etching step, as noted in the process ?ow sheet of FIG. 
2. While this repetition step simpli?es the production 
process of the MIM element as compared with that of 
the TFT element, it nevertheless reduces the resulting 
yield. 
The third disadvantage of conventional MIM ele 

ments is their production inef?ciency because a vacuum 
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2 
device is repeatedly used in the formation of the ?lm to 
avoid spattering. 

Accordingly. it is desirable to provide a new MIM 
element and method of fabricating them which over 
comes the problems of the prior art outlined abovev 

SUMMARY OF THE INVENTION 

Generally speaking, in accordance with the inven 
tion, an improved bidirectional nonlinear resistor in 
cluding a highly insulating organic ?lm formed on a 
?rst conductor by an electrolytic polymerization of an 
electrolytic solution containing a supporting electrolyte 
and a soluble organic compound, and a second conduc 

_ tor which may be identical with the first conductor 
formed on the organic ?lm. 

In a method for producing an active matrix liquid 
crystal panel including the bidirectional nonlinear resis 
tor an electrode of a designated pattern is formed on a 
?rst transparent substrate. highly insulating electrolytic 
polymer ?lm is then formed on the electrode by electro 
lytic polymerization. A transparent electrode is formed 
on the entire surface of the transparent substrate and the 
transparent electrode is shaped in the designated pat 
tern, thereby forming a conductor/insulator/conductor 
nonlinear resistor. To form an electro-optical display 
device, a second transparent substrate having formed 
transparent electrodes of a designated pattern for coop 
erating with the electrode on the .?rst substrate is se 
curely attached to the ?rst active matrix substrate with 
a sealing material for receiving the electro-optical mate 
rial. 

Accordinglyv it is an object of the invention to pro 
vide an improved bidirectional nonlinear resistor. 

It is another object of the invention to provide an 
active matrix liquid crystal panel which includes a bidi 
rectional nonlinear resistor. 

It is a further object of the invention to provide an 
electro-optical display device including an active matrix 
substrate with a bidirectional nonlinear resistor as a 
switching element for providing picture quality compa 
rable to that of a display including a TFT element. 

Yet another object of the invention is to provide a 
bidirectional nonlinear resistor which can be produced 
inexpensively. 

Yet a further object of the invention is to provide a 
method for producing active matrix liquid crystal pan 
els including bidirectional nonlinear resistors in high 
yields. ‘ 

Still other objects and advantages of the invention 
will, in part, be obvious and will, in part, be apparent 
from the speci?cation. 
The invention accordingly comprises the several 

steps and the relation of one or more of such steps with 
respect to each of the others, and the apparatus em~ 
bodying features of construction, combination of ele 
ments and arrangement of parts which are adapted to 
effect such characteristics, all as exempli?ed in the fol 
lowing detailed disclosure, and the scope of the inven 
tion will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the invention, reference 
is made to the following description taken in connection 
with the accompanying drawings, in which: 
FIG. 1 is a sectional view of a conventional MIM 

element; 
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FIG. 2A is a flow diagram of the processing steps 
used to prepare the conventional active element; 
FIG. 2B is a ?ow diagram of the processing steps 

used to prepare active element in accordance with the 
invention; 
FIG. 3 is a sectional view of an active element pre 

pared in accordance with the invention; 
FIG. 4 is a top plan view of two picture elements of 

an active matrix prepared in accordance with the inven 
tiOn; 
FIG. 5 illustrates the steps to prepare a two-terminal 

element in accordance with the invention; 
FIG. 6 is a cross-sectional view of a two-terminal 

element prepared in accordance with the processing 
steps of FIG. 5; 
FIG. 7 is a cross-sectional view of a two-terminal 

element prepared in accordance with another embodi 
ment of the process of 
FIG. 8 illustrates the steps to prepare a two-terminal 

element in accordance with the invention: 
FIG. 9 is a cross-sectional view illustrating the two 

terminal element of FIG. 8; 
FIG. 10 is a cross-sectional view of another two-ter 

minal element prepared in accordance with the process 
ing steps of FIG. 8; 
FIG. 11 is an I/V characteristic diagram of an MIM 

element prepared in accordance with Example 1; 
FIG. 12 is an I/V characteristic diagram of MIM 

element prepared in accordance with Example 2: 
FIG. 13 is an I/V characteristic diagram of an MIM 

element prepared in accordance with Example 3; 
FIG. 14 is a cross-sectional view of an active element 

prepared in accordance with another embodiment of 
the invention; 
FIG. 15 is a plan view of the active element and 

picture electrode of FIG. 14; and 
FIG. 16 is a cross-sectional view of a liquid crystal 

panel including a bidirectional nonlinear resistor in 
accordance with the invention. 

DETAILED DESCRIPTION OF TI-IE ' 

PREFERRED EMBODIMENTS 

A MIM switching element 1 prepared in accordance 
with the prior art is shown in FIG. 1. MIM 1 includes a 
Ta wire 6 deposited on a glass substrate 2 and a TaOX 
insulator ?lm 4 deposited on Ta wire 6. An ITO trans 
parent electrode 3 is deposited adjacent to Ta wire 6 in 
a selective pattern and a Cr connector 5 is deposited to 
couple electrically ITO electrode 3 to MIM l. The 
processing steps to form MIM 1 of FIG. 1 are set forth 
in the ?ow diagram of FIG. 20. 
FIG. 3 illustrates the structure of a MIM 7 prepared 

in accordance with the processing steps in accordance 
with the invention as set forth in the ?ow diagram of 
FIG. 2b. A ?rst conductive wiring 6 is deposited on 
substrate 2 and a highly insulating ?lm 8 is deposited on 
conductive wiring 6. ITO electrode 3 is then selectively 
deposited on substrate 2 as in the device of FIG. 1. 
A bidirectional nonlinear resistor in accordance with 

the invention is produced by forming a highly insulating 
organic ?lm on a ?rst conductor by electrolytic poly 
merization using an electrolytic solution containing at 
least a supporting electrolyte and an organic compound 
soluble in the electrolytic solution. A second conductor 
is formed on the organic ?lm. The second conductor 
may be the same or a different material than the ?rst 
conductor. 
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4 
An active matrix panel including this bidirectional 

nonlinear resistor utilizes the bidirectional resistor as an 
active switching element for driving an electro-optical 
display device. The method for preparing the active 
matrix panel includes forming a ?rst conductive wire in 
a designated pattern on a ?rst transparent substrate, and 
forming a highly insulating electrolytic polymer ?lm on 
the ?rst conductive wire by electrolytic polymerization 
and forming a transparent electrode-on the entire sur 
face of the ?rst substrate, shaping-the transparent elec 
trode into the designated pattern to form a conductor 
/insulator/conductor nonlinear resistor. In a display 
device this active substrate is securely attached to a 
second transparent substrate with a sealing material 
which has cooperating transparent electrodes of a des 
ignated pattern for cooperating to drive the electro—op 
tical material sealed in the space between the two sub 
strates. 
The electrolytic polymerization ?lm has various 

physical properties, such as diode properties, which are 
already known in the art. The bidirectional nonlinear 
resistor is not known in the art. An element employing 
an electrolytic polymer ?lm according to the invention 
provides bidirectional nonlinear resistivity, a character 
heretofore unknown in the art. Also provided is a 
method for the production of an active matrix panel 
using that bidirectional resistor as an active element. 
The process to prepare the bidirectional resistor in 

accordance with the invention is as follows. First, a 
substance which will form a conductor is applied selec 
tively to a transparent substrate. The conductor may be 
a transparent conductive ?lm or semiconductor, of 
metals such as Au, Ag. Cu, Ni, Cr, and Ta, or alloys of 
such metals, or oxides such as 51102 and ITO. The meth 
ods which can be used to form the ?lm include, but are 
not limited to, spattering, vacuum evaporation, CVD, 
and plating. The conductor thus formed on the trans 
parent substrate is shaped into the designated pattern by 
photolithoetching. 

Second, a highly insulating organic ?lm is formed on 
the conductor by electrolytic polymerization‘. The elec 
trolytic polymerization solution contains at least a mon 
omer to be polymerized and a supporting electrolyte. 
The solution also contains a solvent capable of dis 
solving both the monomer and the supporting electro 
lyte. Solvents which may be used include, but are not 
limited to, water, alcohols, acetonitrile and propylene 
carbonates. 
Monomers which can be used for the electrolytic 

polymerization include, but are not limited to, aromatic 
compounds such as aniline and phenol which contain an 
amino group and a hydroxyl group, respectively, on a 
benzene ring. Heterocyclic compounds, such as pyrrole 
and thiophene, polycyclic hydrocarbons such as azu 
lene and pyrene which include two or more condensed 
aromatic rings, and organic compounds including an 
unsaturated bond may also be used. ' 
The supporting electrolyte is capable of imparting 

ample electroconductivity to the electrolytic solution. 
Supporting electrolytes which may be used include, but 
are not limited to, NaClO4, LiClO4, NaBF4, NaOH, 
H2504, and Na2SO4, for example. This supporting elec 
trolyte is incorporated in the electrolytic solution in a 
concentration in the range of 0.1 to l mol/liter. 
The methods of electrolysis which are available for 

the polymerization of the organic substance include, but 
are not limited to, the potential sweeping electrolytic 
method, the constant potential electrolytic method, the 
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constant current electrolytic method, and the AC elec 
trolytic method. 

Different methods are available for the formation of 
the highly insulating organic ?lm in the present inven 
tion. 

A ?rst method includes forming the organic ?lm by 
electrolytic polymerization and subsequently depriving 
the ?lm of ions. This removal of ions from the organic 
‘?lm can be attained by applying a potential of reverse 
polarity to the electrolytic solution in which the organic 
?lm has been formed by electrolytic polymerization. 
A second method involves forming an electro 

chemicallyinactive ?lm, which can be accomplished by 
suitably combining the composition of the electrolytic 
solution, the conditions of electrolysis, the materials of 
electrodes, and the like. For example, a phenol or a 
derivative thereof produces an electrochemically-inac 
tive ?lm when electrolytically oxidized with carbon 
electrodes in an acetonitrile solution (a supporting elec 
trolyte: NaClOg). It also forms an inactive polyphenyl 
ene oxide ?lm when it is subjected to electrolytic oxida 
tion in basic methanol 1,2-Diaminobenzene forms an 
electrochemically inactive ?lm when electrolyzed in a 
neutral solution. 

In a particularly preferred embodiment, the organic 
?lm produced has a thickness in the range of 100 A to 2 
pm. If the thickness is less than 100 A, the organic ?lm 
is so porous as to induce ready formation of a short 
circuit between the conductors opposed to each other 
across the organic ?lm. If the thickness exceeds 2 pm, 
the resulting bidirectional nonlinear resistor offers too 
high resistance in spite of the nonlinearity thereof for 
the bidirectional nonlinear resistor to be utilized effec 
tively as an active element for a liquid crystal panel. 
A metallic ?lm of a designated pattern is formed on 

the organic insulator as described above to yield a con 
ductor/insulator/ conductor nonlinear resistor (two 
terminal element) The second conductor may be 
formed by the technique of sputtering. vacuum evapo 
ration, or CVD with a compound based on a metal such 
as Au, Ag. Cu, Pt, Ni, Co, Cr. Fe, Ta. or Ti or a metal 
oxide such as SD03, In3O3, ZnO, CdO. ZnS, CdS, or 
CdSnO4. 
Three methods other than the basic method described 

above are available for the formation of the active ele 
ment suitable for use in producing an active matrix 
liquid crystal panel in accordance with the invention. 
The ?rst method, as illustrated in FIG. 5, includes a ?rst 
step of forming a ?rst conductor layer 11 of a desig 
nated pattern on a ?rst transparent substrate 10, a sec 
ond step of forming a highly insulating electrolytic 
polymer ?lm 13 on electrode 11 by electrolytic poly 
merization, a third step of forming a second conductor 
14 identical or not with ?rst conductor 11 into the des 
ignated pattern, thereby forming a conductor/insula 
tor/ conductor nonlinear resistor, and a fourth step of 
forming a picture element 15 with the transparent con 
ductor ?lm in the shapes illustrated in FIG. 5 and in 
cross-section in FIG. 6. 

Optionally, the picture element 15 is deposited before 
second conductor 14 to yield the cross-sectional shape 
of FIG. 7 when the ?rst and fourth steps are carried out 
simultaneously. 
FIGS. 6 and 7 are cross-sectional views of active 

elements formed by the process shown in FIG. 5. The 
reference numerals l [to 15 found in FIG. 6 correspond 
to like reference numerals found in FIG. 5. The refer 
ence numeral 16 found in FIG. 7 denotes what is pro 
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'6 
duced by ?rst forming ?rst conductor layer 16 and 
picture elements 15 with the transparent conductor, 
forming electrolytic polymer ?lm 13 only on conductor 
layer 16, and thereafter forming second conductor 14 
identical or not in composition to ?rst conductor layer 
16 in the designated pattern. 
A second method to prepare the active element in 

accordance with the invention includes a ?rst step of 
forming on a ?rst transparent substrate 2 an electrode 11 
of a designated pattern as illustrated in FIG. 9, a second 
step of forming transparent insulating ?lm 12 either on 
the entire surface of transparent substrate 2 or only on 
electrode 11 and forming in the designated part of insu 
lator ?lm 12 a contact hole 130 communicating with the 
electrode, a third step of forming an electrolytic poly 
mer ?lm 13 on electrode 11 through contact hole 130 by 
electrolytic polymerization, a fourth step of forming 
conductor 14 into the designated pattern thereby form 
ing a conductor/insulator/conductor nonlinear resistor, 
and a ?fth step of forming picture element 15 with a 
transparent conductor ?lm in the shape illustrated in 
FIG. 8. 

Optionally, the active element and the picture ele 
ment having the cross-sectional shape shown in FIG. 10 
may be obtained by simultaneously carrying out the 
?rst and ?fth steps and forming contact holes 130 on 
?rst electrode 11 and on picture element 15 in the sec 
ond step. 
FIGS. 9 and 10 are cross-sectional views of active 

elements formed by the process illustrated in FIG. 8. 
Reference numerals 11 to 15 in FIG. 9 correspond to 
like reference numerals in FIG. 8. 
The active element of FIG. 10 is produced by ?rst 

forming simultaneously a ?rst electrode 16 and picture 
element 15 with transparent conductor 14, then forming 
insulator ?lm 12,'subsequently forming a contact hole 
17 through insulator 12, depositing electrolytic polymer 
?lm 13 in contact hole 17. and thereafter forming con 
ductor 14. 

In this process, transparent insulator ?lm 12 coats 
substrate 2 after ?rst conductor 16 is formed in the 
designated pattern. In the designated position of insula 
tor ?lm 12, contact hole 17 is formed so as to communi 
cate with ?rst conductor layer 16 [FIG. 8]. The coating 
with insulator layer 12 may be effected on the entire 
surface or on part of the surface. as illustrated in FIGS. 
9 and 10. 

Materials which may be used for transparent insula 
tor ?lm 14 include, but are not limited to, epoxy resin, 
acryl resin, polyimide resin, polyamide resin, polyvinyl 
resin, nylon resin, polyester resin, acetate resin, phe 
noxy resin and the like. Optionally, the insulator ?lm 
may be formed by subjecting an organic metal com 
pound to dehydrocondensation. Organic compounds 
which may be used include, but are not limited to, those 
including silicon, titanium, tantalum, chromium, alumi 
num, indium, tungsten, molybdenum, zirconium, and 
germanium, as central metals. 
The insulator ?lm may be a thermosetting type or an 

ultraviolet-setting type. The insulator ?lm can be 
formed by the offset printing, the ?exiso printing, or the 
screen printing. Optionally, the contact hole may be 
formed by the photolithoetching technique after the 
insulator ?lm is formed on the entire surface. Thereaf 
ter, the process is the same as ?rst method. 

In a third method in accordance with the invention, 
alternatively to the second method described above, a 
transparent conductor ?lm may be formed as the con 
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doctor in the fourth step as illustrated in FIG. 5. and the 
conductor/insulator/conductor nonlinear resistor and 
the picture element may be simultaneously formed. 
The invention will be described more speci?cally in 

the following examples which are set forth for purposes 
of illustration only and not in a limiting sense. 

EXAMPLE 1 

An electrolytic polymerization solution was prepared 
using a solution containing 0.1 mol of N-methyl pyrolle 
and 0.5 ml of sodium perchlorate per liter of propylene 
carbonate solvent. An ITO (indium-tin oxide) electrode 
for the formation of a nonlinear resistor was formed by 
vacuum evaporation on a glass substrate. The ITO elec 
trode was covered using a photoresist, except for a hole 
300 um in diameter and a contact part intended for 
contact with an external electrode. 
The propylene carbonate solution was electrolyti 

cally polymerized by using the ITO electrode as a test 
electrode, a platinum electrode as a counter electrode, 
and a silver oxide electrode as a reference electrode. 
Speci?cally, constant potential polymerization was per 
formed at +0.9V at the reference electrode to form a 
poly-N-methyl pyrrole ?lm 5,000 A in thickness. Dop 
ant was then thoroughly removed at —0.4V at the ref 
erence electrode. The result of this electrolytic poly 
merization was the conversion of the electrolytic poly 
mer ?lm into an insulator ?lm. 
An ITO ?lm was superposed by spattering onto the 

electrolytic polymer ?lm. The resulting MIM element 
was tested for I-V characteristics, and the results are 
shown in the graph in FIG. 6. The broken lines repre 
sent data obtained when the underlying electrode on the 
substrate side had negative polarity and the continuous 
lines represent data obtained when the same electrodes 
had positive polarity. As is clearly noted from the 
graph, the MIM element is bidirectionally nonlinear, 
irrespective of the polarity of the substrate electrode. 

EXAMPLE 2 

An electrolytic solution of 0.2 Mol of pyrrole and 0.2 
mol of lithium perchlorate per liter of propylene car 
bonate was prepared. Except for a different electrolytic 
solution, an MIM element was formed by following the 
procedure of Example 1. Again, the electrolysis was 
performed at a constant current. 
The I-V characteristic curve for the MIM element is 

shown in FIG. 7. As is clearly noted from the graph, the 
MIM element is bidirectionally nonlinear, irrespective 
of the polarity of the substratal electrode. 

EXAMPLE 3 

An electrolytic solution was prepared by dissolving 
0.05 mol of 2,6-dimethyl phenol and 0.3 mol of sodium 
hydroxide per liter of methanol. An ITO electrode was 
formed by following the procedure of Example 1 except 
the electrolytic solution was subjected to constant po 
tential electrolysis at +2.2V. The time at which the 
electric current ceased to flow was taken as the end 
point of the electrolysis. An ITO ?lm was sputtered 
onto the electrolytic polymer ?lm thus obtained. The 
resulting MIM element was tested for I-V characteris 
tics, and the results are shown in the graph in FIG. 8. As 
is clearly noted from the graph, the MIM element is 
bidirectionally nonlinear, irrespective of the polarity of 
the substratal electrode. 
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EXAMPLE 4 

The electrolytic solution was obtained by dissolving 
0.05 mol of phenol and 0.3 mol of sodium hydroxide per 
liter of methanol. A MIM element was formed by fol 
lowing the procedure of Example 3 and tested for I-V 
characteristics. As in the other examples, a bidirectional 
nonlinear resistance was obtained. 

EXAMPLE 5 

An element having a poly-N-methyl pyrrole layer 1 
pm in thickness deposited on an ITO electrode was 
formed and tested for the I-V characteristics by follow 
ing the procedure of Example I. As in Example I, a 
‘nonlinear resistor was obtained. 

EXAMPLE 6 

An ITO (indium-tin oxide) ?lm measuring 1,500 A in 
thickness and provided with multiple ribbon electrode 
patterns was formed on a glass substrate by spattering. 
An electrolytic polymerization solution containing 

0.1 mol of N-methyl pyrrole and 0.5 mol of lithium 
perchlorate per liter propylene carbonate solvent was 
prepared and subjected to bubbling nitrogen gas. A 
platinum plate was used as a counter electrode and a 
silver oxide electrode as a reference electrode. The 
electrolytic polymerization solution, with the afore 
mentioned ITO-deposited glass substrate immersed 
therein, was subjected to electrolytic polymerization at 
a constant potential of +1.0V for 15 minptes to super 
pose a poly-N-methyl pyrrole ?lm 4,000 A in thickness 
onto the ITO ?lm. Dope was then removed by electrol 
ysis at ~O.8V until the electric current decreased to 0. 
The composite element was washed with puri?ed 

water and dried at 120° C. An ITO film was formed in 
a thickness of 500 A on the entire surface of the glass 
substrate by spattering. The ITO ?lm was patterned by 
photolitho-etching into the shape of the element shown 
in FIGS. 14 and 15 to produce -an ,element at the desig 
nated position on the multiple ribbon electrodes. 
A second glass substrate was prepared as a counter 

substrate by depositing multiple rows of ITO electrodes 
thereon. The ?rst and second substrates were secured 
together by a spacer to form a liquid crystal panel. 

This liquid crystal panel was driven with the same 
drive circuit as used for a conventional MIM panel to 
determine contrast. It was found that the panel pro 
duced herein had better contrast than the conventional 
panel. The improved contrast occurs because poly-N 
methyl pyrrole ?lm has a smaller speci?c dielectric 
constant and a larger ?lm thickness than TaOJr ?lm. 

EXAMPLE 7 

An electrolytic solution was prepared by dissolving 
0.05 mol of 2,6-dimethyl phenol and 0.3 mol of sodium 
hydroxide per liter of methanol. Thereafter, an ITO 
electrode on a glass substrate was subjected to constant 
potential electrolysis at +2.2V to form an electrolytic 
polymer ?lm. The time at which the electric current 
decreased to 0 was taken as the end point of the electrol 
ysis. 
An active matrix liquid crystal panel was produced 

by following the procedure of Example 6. In the com 
parative test performed in the same manner as in Exam 
ple 6, the panel was found to have better contrast than 
the conventional MIM panel. 
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EXAMPLE 8 

An active matrix liquid crystal panel was produced 
by following the procedure of Example 6, except the 
thicknesscof the electrolytic polymer ?lm was increased 
to 1,000 A. The results were the same as in Example 6. 

EXAMPLE 9 
A Ta ?lm with multiple ribbon electrode patterns ' 

was formed on a glass substrate in a thickness of 1,500 A 
by spattering. 
An electrolytic polymerization solution containing 

0.1 mol of N-methyl pyrrole and 0.5 mol of lithium 
perchlorate per liter of propylene carbonate was pre 
pared and subjected to bubbling nitrogen gas. A plati 
num plate was used as a counter electrode and a silver 
oxide electrode as a reference electrode. The electro 
lytic polymerization solution, with the Ta-deposited 
glass substrate immersed therein, was subjected to elec 
trolytic polymerization at a constant voltage of +0.1V 
for 15 minutes t9 superpose a poly-N-methyl pyrrole . 
?lm about 4,000 A in thickness on the Ta ?lm. The dope 
was then removed by electrolysis at —0.8 V until the 
electric current decreased to 0. 

Thereafter, the resulting composite element was 
washed with puri?ed water and dried at 120° C. A Cr 
alloy ?lm was formed in a thickness of 500 A on the 
entire surface of the glass substrate by spattering. 

This Cr alloy film was patterned by photolitho 
etching into the shape of the element shown in FIGS. 5 
and 6 to produce an element at the designated position 
on the multiple ribbon electrodes. 
An ITO (indium-tin oxide) ?lme was then formed on 

the element in a thickness of 500 A in the shape shown 
in FIG. 4a and 4b by spattering and photolitho-etching. 
A second glass substrate was prepared as an opposed 

substrate by depositing multiple rows of ITO electrodes 
thereon. The ?rst and second substrates were securely 
attached by a spacer to form a liquid crystal panel, 
thereby producing an active matrix liquid crystal panel. 

This liquid crystal panel was driven with the same 
drive circuit as used for a conventional MIM panel to 
determine contrast. It was found that the panel pro 
duced herein had better contrast than the conventional 
panel. The improved contrast occurs because poly-N 
methyl pyrrole ?lm has a smaller speci?c dielectric 
constant and a larger ?lm thickness than TaOx ?lm. 

EXAMPLE 10 

An electrolytic solution was obtained by dissolving 
0.05 mol of 2,6-dimethyl phenol and 0.3 mol of sodium 
hydroxide per liter of methanol. Thereafter, an ITO 
electrode on a glass substrate was subjected to constant 
potential electrolysis at +2.2V to form an electrolytic 
polymer ?lmby following the procedure of Example 9. 
The time at which the electric current decreased to 0 
was taken as the end point of the electrolysis. 
An active matrix liquid crystal panel was produced 

by following the procedure of Example 9 and compared 
with the conventional MIM panel. The panel of this 
example wa found to have better contrast than the con 
ventional panel. 

EXAMPLE 11 

An ITO (indium-tin oxide) ?lm measuring 2,000 A in 
thickness in a multiple ribbon electrode pattern was 
formed on a glass substrate by spattering. 
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An electrolytic polymerization solution containing 
0.1 mol of N-methyl pyrrole and 0.5 mol of lithium 
perchlorate per each liter polypropylene carbonate was 
prepared and subjected to bubbling nitrogen gas. A 
platinum plate was used as a counter electrode and a 
silver oxide electrode as a reference electrode. The 
ITO-deposited glass substrate was immersed in the pol 
ymerization solution and subjected to electrolytic poly 
merization at a constant potential of + 1.0V for 15 min 
utes to form a poly-N-methyl pyrrole film in a thickness 
of about 4,000 A on the ITO. Dope was then removed 
by electrolysis at —O.8V. 
The resulting component element was washed with 

puri?ed water and dried at 120° C. A Cr alloy ?lm was 
formed in a thickness of 500 A on the entire surface of 
the glass substrate by spattering. 

This Cr alloy film was patterned by photolitho 
etching into the shape of the element shown in FIGS. 5 
and 6 to yield an element at the designated position on 
the multiple ribbon electrodes. This element yielded the 
same improved contrast in the resulting liquid crystal 
panel as in Example 6. 

EXAMPLE 12 

A Ta ?lm measuring 1,500 A in thickness in a multi 
ple ribbon electrode pattern was formed on a glass sub 
strate by spattering. 
An epoxy acrylate resin (produced by Okuno Seiyaku 

K.K. and marketed under the trademark “SO Clear”) 
was superposed on the Ta ?lm by spin coating, resulting 
in a transparent insulator ?lm 2 pm in thickness. This 
transparent ?lm was exposed to ultraviolet light 
through a photomask of a designated pattern. A 10 
,um-diameter contact hole intended for contact with the 
ITO electrode was thereby formed 

Next, an electrolytic polymerization solution contain 
ing 0.1 mol of N-methyl pyrrole and 0.5 mol of lithium 
perchlorate per liter propylene carbonate was prepared 
and subjected to bubbling nitrogen gas. A platinum 
plate was used as a counter electrode and a silver oxide 
electrode as a reference electrode. The electrolytic 
polymerization solution, with the aforementioned Ta 
deposited glass substrate immersed therein, was sub 
jected to electrolytic polymerization at a constant po 
tential of +1.0V for 15 minutes to form a poly-N 
methyl pyrrole ?lm about 4,000 A in thickness on the 
ITO Dope was then removed by electrolysis at -0.8V 
until the electric current decreased to 0. 
The composite element was washed with puri?ed 

water and dried at° 120° C. A Cr ?lm was formed in a 
thickness of 500 A on the entire surface of the glass 
substrate by spattering. 

This Cr ?lm was patterned by photolitho-etching into 
the shape of the element shown in FIG. 8 to yield an 
element at the designated position on the multiple rib 
bon electrodes. An ITO (indium-tin oxide) ?lm 500 
thick was formed on this element by spattering and 
photoIitho-etching int eh shape shown in FIG. 5a and 
5b. 
A second glass substrate was prepared as a counter 

substrate by depositing multiple rows of ITO electrodes 
thereon. The ?rst and second substrates were securely 
attached by a spacer to form an active matrix liquid 
crystal panel. 

This liquid crystal panel was driven with the same 
drive circuit as used for a conventional MIM panel to 
determine contrast. It was found that the panel pro 
duced herein had improved contrast compared to the 
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conventional panel. The improved contrast occurs be 
cause poly-N-methyl pyrrole ?lm has‘ a smaller speci?c 
dielectric constant and a larger thickness than a TaO_\ 
?lm. 

EXAMPLE 13 

An electrolytic solution was prepared by dissolving 
0.05 mol of 2.6-dimethyl phenol and 0.3 mol of sodium 
hydroxide per liter of methanol‘ Thereafter, a Ta elec 
trode disposed on a glass substrate was subjected to 
constant potential electrolysis at +2.2 V by following 

0 

the procedure of Example 1 to form an electrolytic. 
polymer ?lm. The time at which the electric current 
decreased to 0 was taken as the end point of the electrol 
ysts. 
An active matrix liquid crystal panel was produced 

by following the procedure of Example 12. This panel 
was found to have better contrast then the conventional 
MIM panel. 

EXAMPLE 14 

An ITO (indium-tin oxide) ?lm in a multiple ribbon 
electrode pattern and a picture element pattern was 
formed on a glass substrate in a thickness of 2,000 by 
spattering. Thereafter, an insulator ?lm and a contact 
hole were formed by following the procedure of Exam 
ple 1. 
An electrolytic polymerization solution containing 

0.1 mol of N-methyl pyrrole and 0.5 mol of lithium 
perchlorate per liter propylene carbonate was prepared 
and subjected to bubbling nitrogen gas. A platinum 
plate was used as a counter electrode and a silver oxide 
electrode was used as a reference electrode. The elec 
trolytic polymerization solution, with the ITO-depos 
ited glass substrate immersed therein, was subjected to 
electrolytic polymerization at a constant potential of 
+1.0V for ol5 minutes to form a poly-N-methyl pyrrole 
?lm 4,000 A in thickness through a contact hole on the 
ITO ?lm. The dope was then removed by electrolysis at 
—0.8V until the electric current decreased to 0. 
Thereafter, the completed composite element was 

washed with puri?ed water and dried at 120° 0C. A Cr 
alloy ?lm was formed in a thickness of 500 A on the 
entire surface of the glass substrate by spattering. This 
Cr alloy ?lm was patterned by photolithoetching into 
the shape of the element shown in FIG. 8 to form an 
element at the designated position on the multiple rib 
bon electrodes. 

Thereafter, an active matrix liquid crystal panel was 
prepared by following the procedure of Example 12 
using the aforementioned substrate. This panel yielded 
the same improved contrast as in Example 12. 

EXAMPLE 15 

An ITO (indium-tin oxide) ?lm measuring l,500 in 
thickness in a multiple ribbon electrode pattern was 
formed on a glass substrate by spattering. 
An epoxy acrylate resin (produced by Okuno Seiyaku 

K.K. and marketed under the trademark “SO Clear”) 
was superposed on the ITO ?lm by spin coating, result 
ing in a clear insulator ?lm 2 um in thickness This insu 
lator ?lm was exposed to ultraviolet light through a 
photomask of a designated pattern. A l0 jam-diameter 
contact hole intended for contact with the ITO elec 
trode was thereby formed. 

Next, an electrolytic polymerization solution contain 
ing 0.1 mol of N~methyl pyrrole and 0.5 mol of lithium 
perchlorate per liter of propylene carbonate was pre 
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12 
pared and subjected to bubbling nitrogen gas. A plati 
num plate was used as a counter electrode and a silver 
oxide electrode as a reference electrode. The electro- - 

lytic polymerization solution, with the Ta-deposited 
glass substrate immersed therein, was subjected to elec 
trolytic polymerization at a constant potential of +1.0V 
for 15 minutes to form a poly-N-methyl pyrrole ?lm 
about 4,000 A in thickness on the ITO. Dope was then 
removed by electrolysis at —0.8V until the electric 
current decreased to 0. 
The composite element was washed with puri?ed 

water and dried at 120° C. An ITO ?lm was formed in 
a thickness of 500 A on the entire surface of the glass 
substrate by spattering. This ITO ?lm was patterned by 
photolitho-etching into the shape of the element shown 
in FIGS. 14 and 15 to yield an element at the designated 
position on the multiple ribbon electrodes. 
A second glass substrate was prepared as an opposed 

substrate by depositing multiple rows of ITO electrodes 
thereon. The ?rst and second substrates were securely 
attached by a spacer to yield a active matrix liquid 
crystal panel. 

This liquid crystal panel was driven with the same 
drive circuit as used for a conventional MIM panel to 
determine contrast. It was found that the panel pro 
duced herein had better contrast than the conventional 
panel. The improved contrast occurs because poly-N 
methyl pyrrole ?lm has a smaller speci?c dielectric 
constant and a larger thickness than TaO ?lm. 

EXAMPLE 16 

An active matrix element was produced by following 
the procedure of Example 15. 
An electrolytic solution containing 0.05 mol of 2,6 

dimethyl phenol and 0.3 mol of sodium hydroxide per 
liter of methanol was subjected to electrolysis at a con 
stant potential of +2.2V to form an electrolytic poly 
mer ?lm. The time at which the electric current de 
creased to 0 was taken as the end point of the electroly 
sis. 

Thereafter, an active matrix panel was produced by 
following the procedure of Example 15. This panel was 
found to have better contrast than the conventional 
MIM panel. 

EXAMPLE 17 

An active matrix liquid crystal panel was produced 
by following the procedure of Example l5 to form an 
electrolytic polymer ?lm in a thickness of 1,000 A. The 
panel yielded the superior contrast as in Example 15. 

EXAMPLE 18 

On a 0,9 mm thick glass substrate (produced by Cor 
ning Corp. Dunder the trademark “Pyrex 7059"), an ITO 
?lm 1,500 A thick was formed by spattering. This ITO 
?lm was etched in a designated pattern by the photoli 
tho process to form wiring 35 pm in width. An epoxy 
acrylate resin (produced by Okuno Seiyaku K.K. the 
trademark “SO Clear”) was superposed on this wiring 
in a thickness of 3 um by spin coating and then shaped 
into a designated pattern by the photolitho process. 
This pattern had 18 tam-diameter contact holes spaced 
at ?xed intervals on the wiring. 

Next, an electrolytic polymer ?lm 5,000 A thick of 
poly-N-methyl pyrrole was formed on the ITO ?lm 
through the contact holes (not shown in the diagram) 
disposed in the electrolytic polymer ?lm under the 
conditions described for Example 1. An ITO ?lm was 
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formed on this substrate with a thickness of 600 A by 
spattering. The lTO ?lm was etched in a designated 
pattern by the photolitho process to obtain a picture 
element electrode measuring 170 pm in its side length 
and to form an MIM element part. 
On an opposed glass counter substrate 0.9 mm in 

thickness (produced by Corning Corp. under the trade 
mark “Pyrex 7059"), a 1,500 A thick ITO ?lm was 
formed by spattering. This ITO ?lm was formed in a 
designated pattern of a wire and a pair of picture ele 
ment electrodes. 
_7 The two substrates (MIM element substrate and 
counter substrate) obtained as described above were 
dipped in an aqueous 0.1% amino silane solution (pro 
duced by Nippon Soda Co., Ltd. as product code 
"SH6020"), washed, ?red at 180° C., and then subjected 
to an orienting treatment by rubbing. 
The MIM element substrate and the counter substrate 

were securely attached to each other by using a thermo 
setting type epoxy resin as a sealing agent containing 
glass ?bers 6 pm in diameter as a cell gap retaining 
material. Keeping the two substrates pressed against 
each other for three hours at 150° C., a liquid crystal 
cell possessing an MIM element was obtained. 
The liquid crystal cell was ?lled with liquid crystal 

and tightly sealed by vacuum sealing. The liquid crystal 
used was a PCH (phenyl cyclohexane) type liquid crys 
tal (produced by Merck under product code “ZLl 
1695"). A liquid crystal display panel (QCD) was com 
pleted by securing a polarizing sheet to the upper and 
lower surfaces of the liquid crystal cell. 
When this liquid crystal display panel was operated 

with the same circuit as used for a conventional MIM 
panel, it exhibited good display properties at 1/480 
duty. 

Speci?c advantages ofthe active matrix liquid crystal 
panel of this invention as described include a picture 
quality comparable to that of the TFT element, and a 
bidirectional nonlinear resistor which may be produced 
inexpensively in high yield. 

It will thus be seen that the objects set forth above, 
among those made apparent from the preceding de 
scription, are ef?ciently attained, and certain changes 
may be made in the above construction and steps with 
out departing from the spirit and scope of the invention, 
it is intended that all matter contained in the above 
description and shown in the accompanying drawings 
shall be interpreted as illustrative and not in a limiting 
sense. ' 

It is also to be understood that the following claims 
are intended to cover all of the generic and speci?c 
features of the invention herein described and all state 
ments of the scope of the invention which, as a matter of 
language, might be said to fall therebetween. 

Particularly it is to be understood that in said claims, 
ingredients or compounds recited in the singular are 
intended to include compatible mixtures of such ingre 
dients wherever the sense permits. 
What is claimed is: 
1. A method for preparation of an active matrix sub 

strate comprising: 
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(a) forming a ?rst electrode in a designated pattern of 

parallel rows on a ?rst transparent substrate; 
(b) depositing a transparent insulating ?lm on at least 

the entire exposed surface of the ?rst electrode; 
(c) forming a contact hole in the insulating ?lm to the 

electrode; 
((1) depositing an electrolytic polymer ?lm through 

the contact hole on the electrode by electrolytic 
polymerization; 

(e) depositing picture elements on a portion of the 
?rst transparent substrate; and 

(i) depositing a conductor in a designated pattern on 
at least a portion of the electrolytic polymer ?lm 
with at least a portion thereof opposed to a portion 
of the ?rst electrode with the electrolytic polymer 
?lm therebetween to form a conductor-insulator 
conductor structure which functions as a nonlinear 
resistor, and with at least a portion of the conduc 
tor connected to the picture elements. 

2. The method of claim 1, wherein the conductor is 
made of the same material as the ?rst electrode. 

3. The method of claim 1', wherein the conductor is 
made of material different from the ?rst electrode. 

4. The method of claim 1, wherein the ?rst electrodes 
and the display elements are simultaneously deposited. 

5. A method for preparation of an active matrix sub 
strate comprising: _ 

(a) forming a ?rst electrode in a designated pattern on 
a ?rst transparent substrate; 

(b) depositing an electrolytic polymer ?lm containing 
a~doping agent on the electrode by electrolytic 
polymerization; 

(c) depositing a transparent insulating ?lm on at least 
a portion of the electrolytic polymer ?lm such that 
at least a portion of the transparent insulating ?lm 
is opposed to either a portion of the ?rst transpar 
ent substrate or at least a portion of the ?rst elec 
trode with the electrolytic polymer ?lm therebe 
tween; 

(d) forming a contact hole through a designated part 
of the insulating ?lmito'expose a portion of the 
electrolytic polymer ?lm; 

(e) depriving the doping agent contained in the elec 
‘ trolytic polymer ?lm through the contact hole 
thereby forming a highly insulating electrolytic 
polymer ?lm; 

(f) depositing a conductive material in a designated 
pattern thereby forming a conductor-insulator 
conductor structure which functions as a nonlinear 
resistor; and 

(g) selectively depositing a picture element on or 
adjacent to the transparent conductor. 

6. The method of claim 5, wherein the conductive 
material is made of the same material as the ?rst elec 
trode. 

7. The method of claim 5, wherein the conductive 
material is made of a material different from the ?rst 
electrode. 

8. The method of claim 5, wherein a transparent con 
ductor ?lm is used as the ?rst electrode on the transpar 
ent substrate and the ?rst electrode and the picture 
element are formed simultaneously. 

* it it i * 


